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The mRNAs from early region 1 (E1) and pIX of bovine adenovirus type 3 (BAV-3) have been studied by Northern blot, S1
nuclease, and cDNA analysis and transcriptional maps for the regions were constructed. The transcriptional map for the E1
region of BAV-3 is different from those of mouse and human adenoviruses for which transcriptional maps for the regions have
been constructed. The E1A region of BAV-3 is located between 0.8 and 10.5 map units and several different transcripts are
produced from the region using alternative splice donor sites. The transcripts from the E1A region overlap with those of E1B
and pIX. In BAV-3, the E1B region maps between 4.2 and 10.5 map units and encodes two major mRNA species. The mRNAs
of E1B region differ from each other in that the smaller mRNA coding for the 157R protein has a large intron removed from
a region corresponding to the coding region of E1B 420R protein. As in HAVs, the E1B 420R protein of BAV-3 could be
translated only by internal initiation from the larger bicistronic mRNA as there are no transcripts produced exclusively for the
production of 420R protein. The transcriptional unit of pIX is transcribed from an independent promoter and encodes a
structural component of the adenovirus capsid. To identify and characterize the proteins produced from the region,
antibodies were raised in rabbits that recognized specific proteins in Western blot and immunoprecipitation assays. © 1999
Academic Press
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sAdenoviruses have been isolated from humans and
everal animals including cattle (Ishibashi and Yasue,
984). Adenoviruses isolated from cattle are currently
lassified into 10 serotypes (Bartha, 1969). These sero-
ypes are divided into two groups on the basis of the
ifferences in their biological and serological distinctive-
ess (Bartha, 1969; Horner et al., 1989). The members of
ubgroup I bovine adenoviruses (BAV-1, -2, -3, and -9)
row well in established bovine cell lines and contain
ommon complement-fixing antigens, which cross-react
ith the members of other mastadenoviruses in comple-
ent fixation tests. Previously, BAVs have been studied
xtensively because they induce tumors in certain ro-
ents and transform nonpermissive cells in tissue cul-
ure (Darbyshire, 1966; Tsukamoto and Sugino, 1972).
AVs are currently being studied because they have a
reat potential as expression vectors for induction of
ucosal immune response in cattle and gene therapy in
umans. We chose BAV-3 for this purpose based on its
ow virulence and the ability of virus to grow to high titers
n cell culture (Lehmkuhl et al., 1975). Moreover, BAV-3 is
ne of the best characterized of all bovine adenoviruses
Niiyama et al., 1975; Hu et al., 1984; Cai et al., 1990;
lgadi and Haj-Ahmad, 1992; Mittal et al., 1992; Zheng et
l., 1994). The nucleotide sequence determination and
1 Published with the permission of the Director of the Veterinary
nfectious Disease Organization as Journal Series No. 246.
2 To whom reprint requests and correspondence should be ad-
mressed. Fax: (306) 966–7478. E-mail: Tikoo@sask.usask.ca.
299onstruction of a partial transcription map for the ge-
ome of BAV-3 have been described (Reddy et al., 1998;
axi et al., 1998; Lee et al., 1998). Development of repli-
ation-competent BAV-3 vectors has also been de-
cribed (Mittal et al., 1995; Zachartchouk et al., 1998)
ecently.
Although the replication-defective adenoviruses replicate
nly in complementing cell lines, they could enter and
xpress heterologous proteins in most cell types. There are
everal advantages associated with the use of replication-
efective adenoviral vectors. These vectors are capable of
xpressing high levels of foreign proteins provided the
enes are placed under the control of a strong constitutive
romoter. Another advantage of the replication-defective
denoviruses may be a lower immune response against
he adenoviral capsid proteins, allowing multiple vaccina-
ions without affecting the quality of immune response
gainst the foreign antigen. Since these viruses cannot
enerate infectious virus in normal cells they should not
ose any threat to the environment. Replication-defective
iral vectors are the most preferred expression vectors for
ene therapy in humans. To generate a replication-defec-
ive adenoviral vector, an essential region of the genome is
eplaced by the foreign gene. The early region 1 (E1) is the
ost commonly used replacement site for the generation of
replication-defective vector. A prerequisite for the devel-
pment of BAV-3 as a replication-defective vector was the
olecular characterization of the E1 region. The nucleotide
equence of the E1 region and neighboring pIX was deter-
ined previously (Zheng et al., 1994). The present paper
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300 REDDY ET AL.eals with the further characterization of the region in terms
f construction of a transcriptional map and identification of
roteins produced from the region.
RESULTS
orthern blot analysis
Northern blot analysis was carried out to follow the
ime course of transcription from E1 and pIX regions. To
dentify the transcripts produced from the E1A region,
orthern blots of total RNA isolated at various time
oints postinfection were probed with the 620-bp AccI–
coRI (nt 536–1156) fragment of BAV-3 (Fig. 1A). A single
and corresponding to 3.8-kb mRNA was detected at
2 h postinfection. The level of expression of this tran-
cript was reduced by 24 h postinfection and could not
e seen at 36 and 48 h postinfection. Between 12 and
6 h postinfection, another mRNA of 1.8 kb could be
een. At 24 h postinfection, the majority of mRNAs pro-
uced were 1 to 1.2 kb in size. At 48 h postinfection, most
f the mRNAs produced were small (less than 0.7 kb). For
orthern blot analysis of the E1B region, a 1832-bp
ragment corresponding to nt 1461 to 3293 of the BAV-3
enome was amplified by polymerase chain reaction
PCR), labeled, and used as a probe. In addition to mRNA
pecies of the E1A region, three more mRNAs were
pparent (Fig. 1B). The 2.3-kb transcript could be de-
ected at 12 h postinfection and continued to be pro-
FIG. 1. Northern blot analysis of E1A (A), E1A and E1B (B), and pIX (
ells, harvested at regular time points postinfection as indicated at th
orresponding to nt 536–1156 (A), nt 1461–3293 (B), and oligonucleotide
ndicated on the left with their sizes in kb.uced up to 36 h postinfection. A 1-kb transcript was lvident only at 24 h postinfection. A 0.7-kb transcript was
een first at 18 h postinfection and continued to be
roduced up to 48 h postinfection, the last time point
sed in the study. When g-32P-labeled oligonucleotide (nt
293–3269) complementary to the coding strand was
sed as a probe, in addition to other species of mRNA,
he probe strongly hybridized to a 0.7-kb mRNA (Fig. 1C).
ased on the sizes of the mRNAs and the analysis of
equence of cDNAs, it appears that mRNA species of 1.8,
.3, 1.0, and 0.7 kb code for E1A, E1B 157R1420R, E1B
57R, and pIX proteins of BAV-3, respectively, where R
tands for number of amino acid residues in a protein.
1 mapping experiments
To locate the 59 ends of transcripts generated from the
1 region, S1 nuclease protection assays were carried
ut. In 59-end mapping experiments of E1A transcripts, a
44-bp-long probe (nt 0–644 HinfI fragment) labeled at
he 59 end was used and three closely spaced S1-
esistant bands of 346/348, 361/362, and 371/372 bases
ere observed (Fig. 2A, lane V). The sizes of these
rotected fragments indicate that the transcriptional start
or the E1A region is heterogeneous and takes place
rom nucleotides 296/298, 283/284, and 272/273 from the
tart of the left ITR. To locate the 59 end of mRNAs
roduced from the E1B region, a 493-bp-long probe
EcoRI (nt 1162)–HindIII (nt 1655)] labeled at the HindIII
ite was used. A protected fragment of 199/200 (Fig. 2B,
l cellular RNA isolated from mock (lane M)-infected or BAV-3-infected
f each lane, was analyzed by Northern blot using 32P-labeled probes
lementary to nt 3293–3269 (C). The positions of RNA size markers areC). Tota
e top o
compane V) indicated that the transcription start sites for the
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301BAV-3 E1 mRNA AND PROTEIN CHARACTERIZATIONegion are located at the nt 1451/1452 position from the
eft end of the genome. An additional faint band (348 bp)
bserved may have arisen due to S1 digestion of AT-rich
egion in heteroduplexes formed between probe and
rimary E1A mRNA. For 59-end determination of pIX
RNAs, a probe [HinfI (nt 3080)–HgaI (nt 3388)] labeled
t the HgaI end was used. A series of minor and two
ajor protected fragments (204/205 and 219/220) were
oted. Based on the sizes of major protected fragments
Fig. 2C, lane V), the transcription start sites for the pIX
ene were found to be between nt 3161 and 3177 from
he left of the genome. For 39-end mapping of transcripts,
382-bp HpaII (nt 3331)–SspI (nt 3713) fragment labeled
t the HpaII end with a-32P was used as a probe. The two
rotected fragments of 270 and 306 bases (Fig. 2D, lane
) indicated that the transcription termination sites for
1A, E1B, and pIX are located at nt 3601 and 3637 from
he left end of the genome.
equence analysis of cDNA clones
Since most of the primary transcripts of E1A and E1B
re subjected to splicing, it is difficult to predict the
rimary structures of encoded proteins from the genomic
equence alone. To determine the primary structures of
he polypeptides encoded by a gene, which contains
ntranslated introns, it is necessary to determine the exact
FIG. 2. 59- and 39-end mapping of mRNAs of E1 and pIX regions of
nd pIX, respectively by S1 nuclease protection assay. (D) 39-End mapp
ndicate the S1 nuclease-protected fragments with RNA extracted from
s size markers.ocations of splice sites in the corresponding mRNAs. this was accomplished by determination of nucleotide
equences of cDNAs representing the E1A and E1B
egions. The cDNAs representing the E1A and E1B re-
ions were selected using the 59 ends of corresponding
enes as probes in plaque hybridization experiments.
even types of E1A cDNAs and two types of E1B cDNAs,
hich differ from each other in the amount of internal
equences removed by RNA splicing, were selected and
he nucleotide sequences of these clones were deter-
ined. All mRNAs transcribed from the E1A region have
ommon 59 and 39 termini. One of the E1A cDNA clones
id not show any splicing and probably represents the
rimary transcript of the region. Another cDNA of E1A
ad a small intron (nt 1216–1322) removed but had the
oding regions of E1A, E1B, and pIX (Fig. 3). The same
ntron (nt 1216–1322) was found removed from the other
RNAs of E1A region. This intron sequence has a high
roportion of A and U nucleotides (64%) and stop codons
n all three reading frames. The details of splicing pat-
erns noted in the other transcripts of the E1A region are
iven in Fig. 3. The mRNAs of the E1A region have the
otential to encode proteins named 211R, 115R, and
00R. All E1A proteins share the same 93 amino-terminal
mino acids. The 211R and 100R also share the 7 amino
cids at the carboxy terminus. The 22 amino acids at the
arboxy terminus of 115R are unique and are not found in
(A), (B), and (C) represent the 59-end mapping of mRNAs of E1A, E1B,
ults of E1 region. Lane P represents probe alone, and lanes M and V
- and BAV-3-infected cells, respectively. Sequence ladders were usedBAV-3.
ing res
mockhe other E1A proteins. Nucleotide sequence analyses of
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302 REDDY ET AL.DNAs representing the E1B region showed two over-
apping open reading frames (ORFs) starting at nt 1476
nd 1850. The ORF corresponding to the first AUG codes
or a 157R protein and the ORF of the second AUG codes
or a 420R protein. The smaller E1B mRNA has one ORF
ith a capacity to code for 157R. The cDNA sequence
nalyses of E1A and E1B identified several different
oly(A) sites at nt 3600, 3601, 3618, 3632, and 3637. The
ucleotide sequence analysis of genomic DNA revealed
wo consensus poly(A) signals (AATAAA) at nt 3577 and
612 (Zheng et al., 1994).
n vitro translation and immunoprecipitation of BAV-3
1 proteins
To characterize the E1 and pIX proteins, protein-
FIG. 3. Organization of E1 and pIX regions of BAV-3 genome. The
ucleotides 1 to 4000. The transcription units are depicted along with th
ranscripts. Each mRNA is identified by the size excluding the poly(A) ta
plice junctions, and polyadenylation sites. The protein-coding sequenc
rames. The size of the encoded protein, in amino acid residues, is alpecific antisera were raised by immunizing rabbits zith GST–protein fusions. In vitro transcription and
ranslation assays were used to determine whether
he rabbit sera raised against the E1 proteins con-
ained specific antibodies. The plasmids pSP64-211R,
SP64-157R, and pSP64-420R were transcribed in vitro
sing SP6 polymerase and translated using rabbit
eticulocyte lysate, which resulted in the synthesis of
6-kDa (Fig. 4A, lane 1), 17-kDa (Fig. 4B, lane 1), and
6-kDa (Fig. 4C, lane 1) polypeptides, respectively.
hese polypeptides could be immunoprecipitated us-
ng the specific sera raised in the rabbits (Figs. 4A–4C,
ane 2). The preimmune sera from the same rabbits did
ot immunoprecipitate the in vitro-translated proteins
data not shown), indicating that the rabbits developed
pecific antibodies to the proteins following immuni-
e at the top of the figure is the left end of the BAV-3 genome, from
ures of mRNAs that are produced by alternative splicing of the primary
leotide numbers below and at the ends of mRNAs indicate start sites,
boxed and different shades of boxes represent the alternative reading
ated.solid lin
e struct
il. Nuc
es areation.
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303BAV-3 E1 mRNA AND PROTEIN CHARACTERIZATIONxpression of BAV-3 E1 proteins in virus-infected
ells
Expression of E1 proteins in BAV-3-infected cells
as monitored by Western blot analyses. The cell
ysates from mock- and BAV-3-infected Madin Darby
ovine kidney (MDBK) cells, harvested at regular in-
ervals postinfection, were separated on 10% SDS–
olyacrylamide gels and transferred electrophoreti-
ally to nitrocellulose membranes. The rabbit sera
aised against 211R E1A protein recognized three pro-
eins of about 43, 57, and 65 kDa in BAV-3-infected (Fig.
A, lanes 3–6) but not in mock-infected (Fig. 5A, lane 1)
ell lysates. Expression of the 43-kDa protein was
oted at 12 h postinfection and it continued to be
roduced up to 36 h postinfection (lanes 3–5). The
xpression of 57- and 65-kDa E1A proteins was first
een at 24 h postinfection, and these proteins were
resent up to 48 h postinfection (lanes 4–6), the last
ime point in the study. The rabbit sera raised against
he 157R E1B protein detected a 19-kDa protein in
FIG. 4. In vitro transcription, translation, and immunoprecipitation
f E1 proteins of BAV-3. [3H]Leucine-labeled in vitro-translated E1A
11R (A, lane 1), E1B 157R (B, lane 1), and E1B 420R (C, lane 1)
eparated on a SDS–polyacrylamide gel. The products were also
eparated on a SDS–polyacrylamide gel after immunoprecipitation
ith rabbit sera specific to respective proteins (lane 2 in all three
anels). The positions of protein molecular weight standards in kDawre given on the left.AV-3-infected (Fig. 5B, lanes 2–6) but not in mock-
nfected (Fig. 5B, lane 1) cell lysates. The expression
f this protein was seen as early as 6 h postinfection
nd it could be detected even at 48 h postinfection
lanes 2–6). The rabbit sera raised against 420R E1B
rotein recognized a protein of 48 kDa in BAV-3-in-
ected (Fig. 5C, lanes 4–6)) but not in mock-infected
Fig. 5C, lane 1) cell lysates. The expression of this
rotein was seen at 24 h postinfection and it could be
etected even at 48 h postinfection (lanes 4–6).
The E1 proteins of HAVs are highly phosphorylated
Harlow et al., 1985; Yee and Branton, 1985). To deter-
ine whether the E1 proteins of BAV-3 are also phos-
horylated, mock- or BAV-3-infected MDBK cells were
abeled with [32P]orthophosphate and subjected to im-
unoprecipitation assays. The anti-157R serum and anti-
20R serum immunoprecipitated proteins of 19 kDa (Fig.
, lane 2) and 48 kDa (Fig. 6, lane 4), respectively, from
AV-3-infected cell lysates. No such phophoproteins
FIG. 5. Kinetics of expression of E1 proteins. Western blot analyses
f mock-infected (lane 1) or BAV-3-infected cell lysates, harvested 6 h
lane 2), 12 h (lane 3), 24 h (lane 4), 36 h (lane 5), and 48 h (lane 6)
ostinfection. (A) Probed with E1A anti-211R serum; (B) probed with
1B anti-157R serum; (C) probed with E1B anti-420R serum.ere detected when extracts from mock-infected cells
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304 REDDY ET AL.ere immunoprecipitated with anti-157R serum (Fig. 6,
ane 1) or anti-420R serum (Fig. 6, lane 3), suggesting
hat E1B (157R,420R) proteins are phosphorylated. Clear
esults could not be obtained with E1A proteins (Fig. 6,
anes 5, 6).
FIG. 6. Labeling of E1 proteins of BAV-3 with 32P. Immunoprecipita-
ion of mock-infected (lanes 1, 3, and 5) or BAV-3-infected (lanes 2, 4,
nd 5) cell proteins labeled with 32P. Immunoprecipitations were per-
ormed with polyclonal antibodies specific to E1B 157R (lanes 1 and 2),
1B 420R (lanes 3 and 4), and E1A 211R (lanes 5 and 6).
FIG. 7. Identification of the pIX protein in purified virions and infe
AV-3-infected cell lysate harvested 24 h postinfection (lane 2), mock-in
s determined by radioimmunoprecipitation assays. Mock-infected cell
), and 36 h (lane 4) postinfection.haracterization of pIX protein
Western blot analysis of BAV-3-infected MDBK cell
ysates with anti-pIX peptide sera recognized a protein of
4 kDa (Fig. 7A, lane 2). No such protein could be
etected in mock-infected MDBK cell lysates (Fig. 7A,
ane 3). The anti-pIX peptide sera also recognized a
4-kDa viral protein from CsCl-purified BAV-3 (Fig. 7A,
ane 1), suggesting that pIX protein is a component of
irion capsid. Immunoprecipitation assay was used to
etermine the kinetics of expression of pIX in BAV-3-
nfected MDBK cells labeled with [35S]cysteine–methi-
nine. The expression of 14-kDa protein was seen at
4 h (Fig. 7B, lane 3) and 36 h (Fig. 7B, lane 4) postin-
ection but not at 12 h postinfection (Fig. 7B, lane 2) from
AV-3-infected cells. No such protein could be immuno-
recipitated from mock-infected MDBK cells labeled with
35S]cysteine–methionine.
DISCUSSION
In HAVs, the leftmost 11% of the genome comprises
hree blocks of genes, called E1A, E1B, and pIX. The E1A
egion maps between 1.4 and 4.3 map units, whereas the
1B transcription unit is located between 4.8 and 11.2
ap units. These two transcription units are discrete;
hat is, each unit has its own promoter and poly(A)
ignals and poly(A) sites (Bos et al., 1983; Berk and Sharp
978). In BAV-3, the E1 region maps between 0.8 and 10.5
ap units. The mRNAs of E1A, E1B, and pIX are tran-
cribed from different promoters but they share common
oly(A) signals and poly(A) sites, a feature seen in the E1
egion of MAV-1 (Ball et al., 1989). However, the E1A
egion of BAV-3 differs from that of MAV-1 in that several
RNAs are produced from the E1A region of BAV-3 by
se of alternative splicing, whereas only one species of
RNA is produced from the E1A region of MAV-1 (Ball et
ll lysates. (A). Western blot analysis of pIX. Purified BAV-3 (lane 1),
ell lysate (lane 3). (B) Kinetics of pIX expression in BAV-3-infected cells
(lane 1); BAV-3-infected cell lysates harvested 12 h (lane 2), 24 h (lanected ce
fected c
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305BAV-3 E1 mRNA AND PROTEIN CHARACTERIZATIONl., 1989). Unlike, MAV-1 where both E1A and E1B 55K
se the same stop codon located at the end of the E1B
RF, the stop codons used by E1A and E1B in BAV-3 are
ifferent from each other.
In HAVs, the regulatory elements of the E1A transcrip-
ion unit are located upstream of the cap site. In BAV-3, a
onsensus TATA sequence was not found in the region
ut there are five AT-rich regions immediately upstream
f transcription start sites. In addition, between the left
nd of the genome and the transcription start sites there
s (a) an inverted terminal repeat [ITR (nt 1–195)]; (b) four
C boxes (nt 108–121, 139–152, 184–197, 196–209); and
c) a CCAAT box (nt 45–49). Three of these GC boxes and
he CCAAT box are located in the left ITR sequences,
uggesting that the ITR might be functioning as a pro-
oter for the region. The promoter activity in the ITR of
denoviruses is well established (Yoshida et al., 1990;
atfield and Hearing, 1991; Ooyama et al., 1989; Reddy et
l., 1998). In HAV-2, in addition to the major cap site for
1A mRNAs at nt 498, some minor additional cap sites
pstream of the major cap sites were also found (Os-
orne and Berk, 1983). In BAV-3, heterogeneous tran-
cription start sites are used for the E1A region and are
ocated closer to the left ITR. Heterogeneous transcrip-
ion start sites were also found in the E1A regions of
AV-1 (Ball et al., 1989) and PAV-3 (Reddy et al., submit-
ed). As in other animal adenoviruses, the E1A proteins
f BAV-3 are relatively small. The E1A proteins in HAV-2
ere 289 and 243 residues, and those in MAV-1 and
AV-3 were 200 and 229 residues, respectively. The de-
uced amino acid sequences of BAV-3 E1A proteins did
ot show a consensus nuclear localization signal (NLS),
hereas such sequences were found in E1A proteins of
AV-2 and PAV-3. E1A proteins of adenoviruses are
nown to interact with several cellular proteins. The
nteraction of E1A proteins of BAV-3 with the cellular
roteins that have NLSs might help the protein to be
ransported into the nucleus.
The 211R E1A protein of BAV-3 has an unmodified
redicted molecular weight of 23.3 kDa. However, the
ame protein in in vitro transcription and translation
ssays migrated at a place corresponding to 26 kDa. The
eason for this discrepancy in predicted and actual mo-
ecular weights could be due to high content of proline
27 residues) and glutamic acid residues (18 residues) in
1A proteins. Similar observations were made for E1A
roteins of HAVs (Boulanger and Blair, 1991). In Western
lot analyses of E1A proteins from BAV-3-infected MDBK
ells, three proteins of 43, 57, and 65 kDa were seen. The
ncrease in the sizes of E1A proteins on polyacrylamide
els could be due to posttranslational modifications
uch as phosphorylation reported in E1A proteins of
AVs (Harlow et al., 1985; Yee and Branton, 1985). How-
ver, attempts to label these proteins in vivo using
32P]orthophosphate were not clear (Fig. 6, lane 6). In
AVs, the regulatory elements of the E1A include a TATA fox, a CAAT box, and an enhancer sequence upstream
f cap site (Hearing and Shenk, 1986). In BAV-3, no such
efined transcription control elements were found. More-
ver, most E1A transcripts of BAV-3 have a long 59-
ntranslated leader sequence (more than 300 bases)
pstream of the initiation codon, the significance of
hich is not known.
The E1B region of BAV-3 maps between 4.2 and 10.5
ap units and encodes two major overlapping mRNA
pecies. Upstream of the transcription start site of the
1B region, no consensus regulatory sequences were
oted. However, two 35-bp-long repeat sequences were
ound upstream of the ORF of E1B 157R (Zheng et al.,
994). Whether sequences present within these repeats
unction as transcription control elements for the region
s currently not known. Like in HAVs (Bos et al., 1983) and
AV-3 (Reddy et al., submitted) the homologue of the 55K
1B protein in BAV-3 is translated by internal initiation
rom the larger bicistronic mRNAs. In MAV-1 (Ball et al.,
989); a separate mRNA is made for the translation of the
1B 55K homologue. In BAV-3, both the mRNAs of E1B
an encode 157R. This might explain why the level of this
rotein increases as infection progresses (Fig. 5B). Both
57R and 420R could be labeled with 32P, suggesting that
he two E1B proteins of BAV-3 are phosphorylated. Sim-
larly, both 55- and 19-kDa E1B proteins of HAVs are also
hosphorylated (Malette et al., 1983; Spindler et al., 1984;
cGlade et al., 1989).
The transcription unit of pIX in BAV-3 maps between
.1 and 10.5 map units. Upstream of the transcription
tart site of pIX, one GC box and a TATA box were noted.
orthern blot analysis of pIX indicated that the transcrip-
ion from the region is evident from 18 h postinfection. In
AV-2, based on the kinetics of gene expression, the two
enes coding for pIX and IVa2 proteins were classified
s intermediate region genes, the expression of which
egins the same time as DNA synthesis (Binger and
lint, 1984). In BAV-3-infected cells, viral DNA replication
egins at about 24 h postinfection and reaches a peak
fter 40 h (Niyama et al., 1975). In immunoprecipitation
ssays, the expression of pIX was first noted at about
4 h postinfection. Based on these observations, the
ene coding for pIX in BAV-3 could also be classified as
n intermediate region gene. In agreement with an ear-
ier finding that pIX is a component of the viral capsid
Lutz et al., 1997), the anti-pIX antibody also revealed pIX
n a preparation of virions that were purified by CsCl
radient centrifugations.
In conclusion, the E1A, E1B, and pIX regions in BAV-3
ap in the same relative positions as those of HAVs,
AV-1, and PAV-3. Unlike in HAVs and PAV-3, the tran-
cription units of E1A and E1B of BAV-3 are 39-cotermi-
al. Unlike MAV-1, the E1A region of BAV-3 uses alterna-
ive splicing to generate related but a different set of
roteins. Region E1B contains two overlapping readingrames encoding proteins of 19 and 48 kDa and a third
f
F
i
b
C
c
b
v
c
1
N
f
c
e
w
f
s
b
0
f
p
p
N
w
e
o
K
(
w
a
n
o
c
1
l
c
t
e
o
G
G
1
(
t
i
T
s
b
m
s
o
i
t
s
P
b
p
p
t
i
a
m
p
(
s
p
F
i
g
e
I
a
p
2
t
l
t
e
t
n
s
I
B
w
N
p
a
t
f
i
1
L
306 REDDY ET AL.rame that encodes a viral polypeptide IX of 14 kDa.
urther work is in progress to generate E1 complement-
ng cell lines, E1 deletion mutants, and E1 deletion-
ased recombinants.
MATERIALS AND METHODS
ells and virus
The WBR-1 strain of BAV-3 was propagated in MDBK
ells. Eagle’s minimum essential medium with 2% fetal
ovine serum was used for growth of infected cells. The
irus purification and extraction of DNA from virus were
arried out as previously described (Graham and Prevec,
991).
orthern analysis
MDBK cells grown in Petri dishes were mock in-
ected or BAV-3 infected with approximately 5 PFU per
ell and incubated for 4–48 h. Total cellular RNA was
xtracted from mock-infected or BAV-3-infected cells
ith an acid guanidinium thiocyanate–phenol–chloro-
orm mixture as described (Reddy et al., 1996). The
izes of RNA were calculated by comparing the mo-
ility of RNAs with the commercial 0.16- to 1.77-kb and
.24- to 9.5-kb RNA ladders (GIBCO-BRL). The DNA
ragments labeled with [}-32P]dCTP by the random
rimer labeling method (GIBCO-BRL) were used as
robes.
uclease protection assays
To prepare the probes, the selected fragments of DNA
ere digested with appropriate enzymes. They were
ither 59-end labeled with [g-32P]ATP using polynucle-
tide kinase or 39-end labeled with [a-32P]dCTP with
lenow fragment of Escherichia coli DNA polymerase I
Sambrook et al., 1989). The labeled DNA was digested
ith a second enzyme to remove the label at one end
nd the desired fragment was agarose gel purified. S1
uclease protection assays were performed as previ-
usly described (Reddy et al., 1996).
DNA library
The mRNAs isolated from BAV-3-infected MDBK cells at
2 h postinfection were used for the preparation of a cDNA
ibrary as described (Reddy et al., 1998). The E1-specific
DNA clones were selected and sequenced completely by
he dideoxy chain-termination method using internal prim-
rs as described (Reddy et al., 1998). The DNA sequences
f selected cDNAs have been deposited and assigned
enBank Accession No. AF030154.
ST fusion proteins and antibody production
The complete coding regions of E1A 211R and E1B
57R proteins were cloned individually into pGEX-5X-3 sPharmacia Biotech), downstream of and in-frame with
he glutathione S-transferase (GST) sequence, creat-
ng plasmids pGEX-211R and pGEX-157R, respectively.
o create plasmid pGEX-420R, part of the ORF repre-
enting E1B 420R protein (nt 1834–2319) was amplified
y PCR and ligated in-frame to the GST gene in plas-
id pGEX-5X-3. The nucleotide sequences of the con-
tructs were verified by DNA sequencing. Expression
f the fusion proteins was induced by the addition of
sopropyl-b-D-thiogalactopyranoside (IPTG) to a cul-
ure of DH5a cells transformed with GST fusion con-
tructs. The fusion proteins were isolated by SDS–
AGE and injected (250 mg) subcutaneously into rab-
its. Complete Freund’s adjuvant was used in the
reparation of antigen for the first injection. Incom-
lete Freund’s adjuvant was used for the subsequent
wo injections, which were performed with 4-week
ntervals. Serum was collected and tested for specific
ntibodies by in vitro transcription–translation and im-
unoprecipitation assays. To raise antibodies against
IX protein, a synthetic peptide representing part
61EGARRPEDQTPYMILVEDSL) of pIX of BAV-3 was
ynthesized. Rabbits were first injected with 0.2 mg
eptide, conjugated to keyhole limpet hemocyanin in
reund’s complete adjuvant, and the subsequent two
njections were given using 0.2 mg of peptide conju-
ated to egg white ovalbumin in RIBI adjuvant (Khattar
t al., 1996).
n vitro transcription and translation
The complete coding regions of E1A 211R, E1B 157R,
nd E1B 420R proteins were cloned into the HincII site of
lasmid pSP64 poly(A) (Promega) to generate pSP64-
11R, pSP64-157R, and pSP64-420R plasmids, respec-
ively. The plasmid DNAs were transcribed and trans-
ated in vitro by using a rabbit reticulocyte lysate coupled
ranscription translation system (Promega) in the pres-
nce 50 mCi of [3H]leucine (Amersham). The in vitro-
ranslated proteins were analyzed with or without immu-
oprecipitation with the protein specific polyclonal rabbit
erum.
mmunoprecipitations
Monolayers of MDBK cells were mock infected or
AV-3 infected at a m.o.i. of more than 10, and the cells
ere labeled with [35S]cysteine–methionine (100 mCi/ml;
ew England Nuclear). For phosphate labeling of viral
roteins, [32P]orthophosphate (1 mCi, Mandel) was
dded to BAV-3- or mock-infected monolayers in 75-cm2
issue culture flasks at 10 h postinfection. At 24 h postin-
ection, the cells were washed with PBS and harvested
n 0.6 ml of lysis buffer (150 mM NaCl, 10 mM Tris, pH 7.8,
% Triton X-100, 1% sodium deoxycholate, 0.1% SDS).
abeled cell extracts were immunoprecipitated using
tandard protocols (Khattar et al., 1996). The immunopre-
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307BAV-3 E1 mRNA AND PROTEIN CHARACTERIZATIONipitated samples were suspended in sample buffer,
eated to 100°C for 3 min, and subjected to SDS–PAGE
nalyses. Gels were fixed, dried, and exposed to auto-
adigraphic film.
estern blot analysis
Extracts of mock- or BAV-3-infected MDBK cells col-
ected at regular intervals postinfection were electro-
horesed (5 mg per lane) on 10% SDS–polyacrylamide
el and transferred to nitrocellulose membrane (Bio-
ad) as described elsewhere (Sambrook et al., 1989).
onspecific binding sites on the membrane were
locked with 1% bovine serum albumin fraction V, and
he membrane was exposed to the rabbit polyclonal
erum. The membrane was washed and exposed to
oat anti-rabbit IgG conjugated to horseradish perox-
dase or alkaline phosphatase and developed using a
orseradish peroxidase or alkaline phosphatase color
evelopment kit (Bio-Rad).
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